A set of 74 small molecules was employed to generate a quantitative structure-property relationship (QSPR) model for predicting gas-phase Gibb's free energy changes (ΔG gas ) on the simplified molecular input line entry system (SMILES). To obtain the models, the Monte Carlo method (MCM) was applied to calculate the descriptors. The best proposed model of them provides an excellent statistical result of r 2 = 0.9866, q 2 = 0.9857, s = 2.48 and F = 4346 for the training set, and r 2 = 0.9340, q 2 = 0.8418, s = 5.80, F = 149 for the test set. Consequently, the gas-phase Gibb's free energy changes were also calculated in DFT (MPW1PW91/6-311+G(2d,2p)), CBS-QB3, G1, G2 and G2MP2 methods which showed a very good agreement with experimental values.
INTRODUCTION
The Gibb's free energy or chemical potential in basic theoretical research plays an important role on chemical and biological systems 1 . These are the central quantities that determine the route of spontaneous change for a system or explain the ability of biological systems in all organisms to resist a natural tendency to disorder. Examination of free energy behavior of such systems enables us to fully understand the structural, kinetic and dynamic characteristics of processes like -protein ligand binding constants 2 , permeability coefficients 3 , conformational equilibrium constants 4 , membranewater partition coefficient 5, 6 , electron transfer 7 , solvation 8 etc.
Numerous reports have been appeared in the literature describing computational methods for the calculation of gas-phase Gibbs free energy [9] [10] [11] [12] [13] [14] but calculation in computational methodology along with QSPR modeling is not randomly found. In recent years, rapid advances in theory of calculations, continuous increasing of computational capabilities as well as statistical mechanics make the determination of Gibb's free energy changes more reliable, efficient and well organized [15] [16] [17] [18] .
For an instance, protein-ligand binding constants and membrane-water partition coefficients are an essential part of rational drug design and cannot be evaluated reliably and accurately without the knowledge of the associated free energy changes. The ability to calculate free energy in an efficient manner is of paramount importance in the structural and thermodynamic study of gas hydrate systems 19 . Thus MDFE simulations have been improved by new treatments of long-range electrostatic interactions and, successful in determination of protein-ligand binding constants 2 .
I n this study we have developed a QSPR model and established a computational methodology for the calculation of gas phase Gibb's free energy of some small molecules which have many applications in nature. In addition we have focused our study to calculate the free energies as an essential complement to experimental quantities from reported literatures and to establish the accurate, low costeffective and reliable methods for predicting the gas-phase Gibbs free energy changes. Table 1 shows structural details of the 74 small molecules used in this study. The experimental gas phase Gibb's free energy changes (at 298.15 K and 1 atmospheric pressure) were taken from reported literatures. All the gas-phase Gibb's free energy chages in data set represented in kcal/mol. The data set was splitted into two: a training set (61) and a test set (13) where the molecules in test set were arranged in random manner.
MATERIALS AND METHODS

Data
Descriptors calculation
Three kinds of descriptors: graph-based, SMILES-based, and hybrid descriptors were generated using CORAL software 20 . Furthermore three kinds of molecular graphs: hydrogen suppressed graph (HSG), hydrogen filled graph (HFG), and graph of atomic orbitals (GAO) were also generated by CORAL 21 .
The graph-based optimal descriptors were calculated as the following:
Where, A k is a chemical element like C, N, O, etc., for HSG and HFG; or atomic orbitals, such as 1s 1 , 2p 3 , 3d 10 , etc., for GAO; 0 EC k , 1 EC k , … 3 EC k represents the hierarchy of the Morgan extended connectivity; α, β, γ, and δ can be 1 or 0: combinations of their values gives possibility to define various of the graph-based optimal descriptor; CW(x) is the correlation weight of a molecular feature (encoded by A k or x EC k ).
Similarly the SMILES-based optimal descriptors were calculated as the following:
Where, S k , SS k , and SSS k are one-, two-, and three-component SMILES attributes, respectively. NOSP, HALO, and BOND are indices that related to the presence or absence of chemical elements like N, O, S and P (NOSP); F, Cl, and Br (HALO). The BOND is related to a mathematical function where double (=), triple (#), or stereo chemical bonds may be present or absent and finally α, β, γ, x, y, and z can be 1 or 0: combinations of their values provide possibility to define various versions of the SMILES-based optimal descriptor. CW(x) is the correlation weight of a molecular feature (encoded by S k S k S k or x EC k ).
The hybrid optimal descriptors were calculated by taking into account both representations of the molecular structure by GRAPH andby SMILES. 
Threshold and N epoch in equations (1) -(3) represent the parameters of the Monte Carlo optimization. The threshold is the criterion for classification of the components of the representation of the molecular structure into two classes: noise (rare) and active (not rare). The correlation weight of a rare component is fixed as zero; hence rare component is not involved in the building up of the model. N epoch is the number of epochs of the Monte Carlo optimization. 
Computational calculation
All the calculations were performed on Intel core-i5 Fujitsu Lap-top Computer with 3-4 GB of memory and 48 GB of scratch disk space, using CORAL 20 and Gaussian 09 software 79 . Every structure is initially optimized at 298.15 K in the gas phase at the Hartree-Fock (HF) level [80] [81] [82] and finally G1, G2, G2MP2, CBS-QB3 and DFT(MPW1PW91/6-311+G(2d,2p)) methods were used to calculate the G°(g) values (Gas phase Gibbs free energy) [83] [84] [85] [86] [87] [88] [89] . The optimized structures were confirmed to be energy minima by vibrational frequency calculations with all real frequencies. In this study there are no imaginary frequency found.
These high level composite procedures have been designed particularly for the prediction of reliable energies of molecules in the gas-phase and have been demonstrated to provide the accuracy within 1-2 kcal/mol when assessed against large test sets of thermo-chemical data 90, 91 .
RESULTS AND DISCUSSIONS
The models calculated with GRAPH based, SMILES based and a Hybrid (both GRAPH and SMILES) version of the descriptor. The versions of descriptors Equations (4) - (6) . R m 2 should be more than 0.5 and ΔR 2 m should be smaller than 0.2 . Table 3 contains the statistical quality of all models for gas phase Gibb's free energy changes of data set calculated by equations (4) - (6) On the basis of other statistical values hybrid method appeared to be a significant improvement among all the QSPR methods. Table 2 shows the calculated gas-phase Gibb's free energy changes in kcal/mol of all (74) molecules using the three aforementioned QSPR methods of Coral and five methods: DFT (MPW1PW91/6-311+G(2d,2p), Gaussian-n (G1, G2, G2MP2) and composite (CBS-QB3) of Gaussian 09 respectively. The RMSE (Root Mean Squared Error) of gas-phase Gibb's free energy changes calculated with GRAPH, SMILES and Hybrid methods are 8.3, 5.98 and 3.23 respectively. In the case of QSPR analysis the HYBRID model gives the lowest RMSE value (3.23) of all. In the meanwhile RMSE (Root Mean Squared Error) of gas-phase Gibb's free energy changes calculated with DFT (MPW1PW91/6-311+G(2d,2p), G1, G2, G2MP2 and CBS-QB3 methods are 3.49, 4.26, 3.17, 3.12 and 4.61 respectively. In these calculations, G2MP2 method gives a comparatively lower RMSE hence it shows a significant congruence with the experimental values. Figure 1 shows the correlation of gas phase Gibbs free energy changes calculated by three QSPR methods with experimental values. Among the employed QSPR methods, HYBRID shows a better linearity than others. Therefore HYBRID based QSPR model is more reliable and pertinent methods than other QSPR models for calculation of gas phase Gibb's free energy changes for small molecules. Fig. 2 shows the correlation of Gibb's free energy changes calculated by a DFT (MPW1PW91/6-311+G(2d,2p)) method, Gaussian n-methods (G1, G2), modified Gaussian method (G2MP2) and a composite method (CBS-QB3) with respect to the experimental values. Upon the analysis of calculations the CBS-QB3 and G1 methods give comparatively poor results, so some calculated values are littleapart from the trendline. In the meanwhile, MPW1PW91/6-311+G(2d,2p), G2 and G2MP2 give better results therefore they show a significant improvement of linearity other than two methods (CBS-QB3 and G1). Upon the statistical analysis of all models, the HYBRID method of CORAL and G2MP2 method of Gaussian 09 gives a better improvement results for gas phase Gibbs free energy changes shown in Table 2 
CONCLUSION
In this paper we have shown gas phase Gibbs free energies of seventy four types of small molecules and these experimentally studied molecules were selected to test new theoretical methodology. There are a variety of methods and tools to calculate the gas phase Gibb's free energies in modern technology. CORAL software is thus one of the modern and an efficient tool to build up a model for Gibb's free energy calculation of a set of diverse substances. The predicted free energy of the applied approach was validated with a test set. The best results were obtained using the HYBRID version of the representation of the molecular structure, i.e., by both molecular graph and SMILES. At the same time Gaussian software program was also employed to calculate the gas phase Gibbs free energies with a variety of methods and basis sets. MPW1PW91/6-311+G(2d,2p) and G2MP2 gave the results with an excellent agreement with experimental values. It is clear that high-levels of theory and cost effective methods are not always feasible for the calculations of gas phase Gibbs free energies of these small molecules. Sometimes low-levels of theory can reach the point where calculations at the level of chemical accuracy, within 1 kcal/mol, are now possible. The main variation in the accuracy of these molecules stems from the levels of theory used in the optimization. In future, further studies can develop a new methodology to calculate the high accuracy of gas phase Gibbs free energies. 
